A nonsense mutation (UAG) in the thymidine kinase gene Translational suppression is a phenomenon well known in procaryotic and lower eucaryotic organisms (7) . The availability of cells which carry suppressor mutations makes possible the isolation of conditional lethal mutations in viruses and cells which depend on suppression of nonsense codons for growth. Amber mutants in phage T4 are the classic example of such suppressor-sensitive or conditional lethal virus mutants (3). Mammalian cells expressing genes encoding suppressor tRNAs should allow isolation and propagation of nonsense mutants of animal viruses which are identifiable by their failure to grow on nonpermissive cells lacking the suppressor allele.
Previously we have isolated and characterized nonsense mutations in the thymidine kinase (TK) gene of herpes simplex virus type 1 (HSV-1) (2, 6, 9). These mutant viruses do not make functional TK (a nonessential enzyme in normal culture) when grown on normal cells. Such virus mutants were designed as test virus for functional suppression in mammalian cells.
Construction, by in vitro mutagenesis, of suppressor tRNA genes from eucaryotic organisms has been reported recently (5, 10) . One of these suppressor tRNA genes was also shown to suppress, in vivo, nonsense mutations in hybrid adenovirus type 2-ND1 virus (5) . In this report we describe the function of one of these suppressor tRNA genes (5) to suppress a known nonsense (amber) mutation in the HSV TK gene to restore functional TK expression. These experiments demonstrate the potential of such a translation suppressor system for studies of animal virus genetics.
The su+ tRNA tyr gene was cloned in the late region of simian virus 40 (SV40) and propagated with helper virus as a mixed stock of defective SV40 virions, as previously described (5) . CV-1 monkey kidney cells were infected with the su+ SV40 vector, and after a period of time to permit expression of su+ tRNA, the cells were infected with HSV containing nonsense mutations in the TK gene. TK enzyme activity was measured after HSV infection to detect functional suppression of the HSV TK mutations.
HSV-1, strain CL101, and the TK-negative mutants derived from this strain have been described previously (2, 6, 9) . HSV TK4, HSV TK43, and HSV TK37 all fail to make full-length TK polypeptides and are thought to be nonsense mutants. TK4 and TK43 can be suppressed in vitro with UAG and UGA suppressor tRNAs, respectively, from yeast (2) . The mutation in TK37 has not been defined yet. HSV TK19 is presumably a missense mutation since it produces a full-length TK protein and induces TK activity to about 1 to 3% of the wild-type level. Although HSV TK43 induces no detectable TK activity during the lytic cycle, HSV TK4 is "leaky" and induces 2 to 4% of the wild-type level. This leakiness may be the result of a low level of synthesis of TK-related polypeptide from an internal AUG, since TK4 maps very near the amino terminus of the protein (6) (8, 9) , and the HSV TK was assayed by the [251I]deoxycytidine phosphorylation assay (8) . (5). CV-1 cells were infected with a mixture of the helper SV-rINS-7, which has a deletion/substitution in the early region, and the tRNA-carrying SV-tT-2(su-) or SV-tT-2(su+) virus, which has the tRNA gene inserted in the late region. About 1 week after infection, cytopathic degeneration was observed, and virus stocks were harvested. These were designated SV(su-) and SV(su+), respectively. In some experiments a second-or third-passage stock of the mixed virus stock was used, prepared by infecting CV-1 cells with progeny of the original mixed infection or the second passage, respectively. The experiment shown in Fig. 1 and Table 1 demonstrates that infection with wild-type SV40, SV40 with the normal su-tyrosine tRNA gene, SV40 with the su+ allele of the tyrosine tRNA gene, and mock infection have no significant effect on TK induction by wild-type HSV. Also, mutants TK43, TK19, and TK37 all fail to respond to the suppressor allele. However, for the amber (UAG) mutant TK4 (which is known to be leaky [6] ) TK activity is restored to a level oiabout 20% of the wild-type activity. 
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This experiment allows three important conclusions. First, the suppressor gene functions to restore TK-inducing activity to a TK-virus. Second, the suppression is allele specific; i.e., only the UAG mutation is suppressed (Table 1) . Third, the specific mutation in HSV TK4 when suppressed with tyrosine tRNA gives a functional product. The actual insertion of tyrosine at the nonsense codon, however, has yet to be demonstrated. In the first half of the wild-type sequence tyrosine occurs at positions 4, 53, 80, 87, 101, and 152 (11) . It is important to note, however, that the functional suppression by tyrosine insertion does not imply that tyrosine is present in the wild-type protein at the site of the mutation, but only that tyrosine insertion is compatible with enzymatic activity. In fact, mutant TK4 was characterized originally as an amber mutant by restoration of TK activity by serine-inserting amber suppressor tRNA (2) .
To characterize this system further and show its potential utility for HSV genetic studies, we examined the time course of the development and maintenance of the suppressor state in SV(su+)-infected cells. In Fig. 2 Figure 3 shows the effect of SV(su+) infection on the efficiency of plating and yield of HSV-1 and the level of suppression. Various amounts of third-passage SV(su+) stock were added to 2-cm2 monolayers of CV-1 cells, and then HSV-1 TK4 virus was added at a low multiplicity of infection (1,000 PFU/2 cm2) to determine virus yield, very low multiplicity (about 100 PFU/2 cm2) to determine plaquinh efficiency, and high multiplicity (106 PFU/2 cm-) to detect functional suppression by TK enzyme assay. These data show that it is possible to find conditions which give efficient suppression (up to 40%) but interfere with HSV growth only to a limited extent.
Since HSV grows rapidly and makes observable plaques on CV-1 cells in 2 to 3 days, it should be possible to carry out virus genetic studies on SV(su+)-infected monolayers as a permissive host for nonsense mutants of HSV. This potential ability to make many cell lines into transient suppressor-carrying cells may be useful for genetic studies of other viruses and may complement the alternate approach of construction of cell lines which carry and express the tRNA alleles in a stable form (4) .
